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SPECIFICATION

SWITCHING REGULATOR

Technical Field

[0001] The present invention relates to a switching regulator.

Background Art

[0002] In a conventional switching regulator, an error amplifier amplifies the

error between a reference voltage and a voltage based on the output voltage

of the switching regulator, then a PWM comparator compares the output

voltage of the error amplifier with a triangular wave to generate a PWM

signal, and then, based on this PWM signal, a switching device included in a

DC-DC converter is turned on and off (for example, see patent document 1

listed below). Disadvantageously, however, a switching regulator

configured as described above cannot operate at high speed because the

error amplifier provided in the feedback section performs an amplifying

operation.

[0003] A current-mode-control switching regulator is one example of a

switching regulator capable of high-speed operation. In a current-mode-

control switching regulator, a variable voltage that is offset according to the

difference between a reference voltage and a voltage based on the output

voltage of the switching regulator is compared with the voltage based on the

output current thereof, then a pulse signal is generated that has a duty ratio
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commensurate with the comparison result, and then, based on this pulse

signal, a switching device included in a DC-DC converter is turned on and

off (for example, see patent document 2 listed below).

Patent document 1: JP-A-2003-219638 (FIG. 1)

Patent document 2: JP-A-2003-319643 (FIG. 1)

Disclosure of the Invention

Problems to be Solved by the Invention

[0004] Disadvantageous^, however, the current-mode-control regulator

involves feedback control to generate the variable voltage that is shifted

according to the difference between the reference voltage and the voltage

based on the output voltage of the switching regulator, and is thus difficult

to operate faster than a certain speed. For example, in the current-mode-

control switching regulator disclosed in Patent Document 2, a

transconductance amplifier (gm amplifier) offsets the variable voltage

according to the difference between the reference voltage and the output

voltage of the switching regulator, and then the gm amplifier performs an

amplifying operation according to the output voltage of the switching

regulator. Thus, the current-mode-control switching regulator disclosed in

Patent Document 2 is difficult to operate faster than a certain speed.

[0005] In view of the disadvantages described above, it is an object of the

present invention to provide a control signal generating circuit, for a
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switching regulator, that allows it to operate at high speed, and to provide a

switching regulator that can operate at high speed.

Means for Solving the Problem

[0006] To achieve the above object, according to the present invention, a

control signal generating circuit for a switching regulator is provided with: a

comparator that compares a voltage based on the output voltage of the

switching regulator with a reference voltage; a flipflop that is set with the

output of the comparator; and a pulse control circuit that resets the flipflop

when a predetermined on-period elapses after a rise of the output pulse of

the flipflop. Here, the control signal generating circuit outputs the output

pulse of the flipflop as the control signal for a switching device.

[0007] In a switching regulator incorporating a control signal generating

circuit as described above, feedback section simply performs a comparing

operation between the voltage based on the output voltage of the switching

regulator and the reference voltage. This allows high-speed operation.

[0008] In the control signal generating circuit configured as described above,

the pulse control circuit may include an on-period setting comparator that

compares with a second reference voltage a voltage (monitored voltage)

corresponding both to the period elapsed after the rise of the output pulse of

the flipflop and to the input voltage of the switching regulator. In this case,

the on-period may be set by resetting the flipflop with the output of the on-

period setting comparator.

[0009] With this configuration, the pulse control circuit performs a



comparing operation between the monitored voltage and the second

reference voltage. Thus, in a switching regulator incorporating this control

signal generating circuit, the feedback section mainly performs a comparing

operation between the voltage based on the output voltage of the switching

regulator and the reference voltage, and a comparing operation between the

monitored voltage and the second reference voltage. This allows high-

speed operation.

[0010] In any of the control signal generating circuits configured as described

above, a maximum on-period control circuit may be further provided that

sets the maximum on-period and that resets the flipflop when the maximum

on-period elapses after the rise of the output pulse of the flipflop. In this

case, the on-period of the output pulse of the flipflop may be limited so as

not to exceed the maximum on-period.

[0011] With this configuration, the on-period of the output pulse of the

flipflop is limited within the maximum on-period, and thus the on-duty of

the control signal outputted from the control signal generating circuit never

reaches a level where the operation of switching regulator incorporating the

control signal generating circuit becomes unstable. Thus, even when the

on-duty of the control signal outputted from the control signal generating

circuit is close to 100%, it is possible to stabilize the operation of the

switching regulator incorporating the control signal generating circuit.

[0012] In the control signal generating circuit configured as described above,

which includes a maximum on-period control circuit, a reset-preventing

section may be further provided that prevents the output of the pulse control



circuit from resetting the flipflop if, when the predetermined on-period has

elapsed after the rise of the output pulse of the flipflop, the voltage based on

the output voltage of the switching regulator is lower than the reference

voltage.

[0013] With this configuration, when the output voltage of the switching

regulator drops, the output of the pulse control circuit is prevented from

resetting the flipflop. Thus, it is possible to reduce the time required for the

output voltage of the switching regulator to return to a predetermined value.

[0014] In the control signal generating circuit configured as described above,

which includes a reset-preventing section, a set-preventing section may be

further provided that prevents the output of the comparator from setting the

flipflop after the maximum on-period has elapsed after the rise of the output

pulse of the flipflop until a predetermined period further elapses.

[0015] With this configuration, even when the output voltage of the

switching regulator drops, the output of the comparator is prevented from

setting the flipflop after the maximum on-period has elapsed after the rise of

the output pulse of the flipflop until a predetermined period further elapses.

Thus, the on-duty of the control signal outputted from the control signal

generating circuit never reaches a level where the operation of the switching

regulator incorporating the control signal generating circuit becomes

unstable. Thus, even when the on-duty of the control signal outputted from

the control signal generating circuit is close to 100%, it is possible to

stabilize the operation of switching regulator incorporating the control signal

generating circuit.



[0016] To achieve the above object, according to the present invention, a

switching regulator is provided with: a DC-DC converter; a control signal

generating circuit that generates a control signal corresponding to the output

voltage of the DC-DC converter; and a driver circuit that drives the switching

device included in the DC-DC converter based on the control signal. Here,

the control signal generating circuit is one of the control signal generating

circuits configured as described above. With this configuration, it is

possible to achieve high-speed operation. High-speed operation makes it

possible to cope with larger currents.

[0017] In the switching regulator configured as described above, a resistor

may be provided between the comparator and the output capacitor included

in the DC-DC converter; or the reference voltage may vary with the output

pulse of the flipflop and may be in substantially opposite phase to the output

voltage of the switching regulator.

[0018] With the former configuration, even when a capacitor with a low

equivalent series resistance (for example, a ceramic capacitor) is used as the

output capacitor, it is possible to increase the ripple voltage of the output

voltage of the switching regulator. Thus, even when a capacitor with a low

equivalent series resistance (for example, a ceramic capacitor) is used as the

output capacitor, it is possible to reduce the increase of the switching-delay

period in the comparator, and thereby to stabilize the operation of the

switching regulator. With the latter configuration, even when a capacitor

with a low equivalent series resistance (for example, a ceramic capacitor) is

used as the output capacitor, it is possible to stabilize the operation of the



- 7-

switching regulator without degrading the stability of the output voltage of

the switching regulator.

Advantages of the Invention

[0019] According to the present invention, it is possible to realize a control

signal generating circuit, for a switching regulator, that allows it to operate at

high speed, and to realize a switching regulator that can operate at high

speed.

Brief Description of Drawings

[0020] [FIG. 1] is a diagram showing the configuration of the switching regulator of

a first embodiment of the present invention;

[FIG. 2] is a diagram showing an example of the configuration of the control

signal generating circuit included in the switching regulator shown in FIG. 1;

[FIG. 3] is a time chart of the voltages and current observed at relevant points

in the switching regulator shown in FIG. 1 and in the control signal

generating circuit shown in FIG. 2;

[FIG. 4] is a diagram showing the configuration of the switching regulator of

a second embodiment of the present invention;

[FIG. 5] is a diagram showing an example of the configuration of the pulse

control circuit included in the switching regulator shown in FIG. 4;

[FIG. 6] is a time chart of the voltages and current observed at relevant points

in the switching regulator shown in FIG. 1 or 4, in a case where a capacitor

with a low ESR is used as the output capacitor thereof;
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[FIG. 7} is a diagram showing the configuration of the switching regulator of

a third embodiment of the present invention;

[FIG. 8] is a diagram showing the configuration of the switching regulator of

a fourth embodiment of the present invention;

[FIG. 9] is a diagram showing the configuration of the switching regulator of

a fifth embodiment of the present invention;

[FIG. 10A] is a diagram showing the voltage waveforms observed at relevant

points in the switching regulator shown in FIG. 7;

[FIG. 10B] is a diagram showing the voltage waveforms observed at relevant

points in the switching regulator shown in FIG. 9;

[FIG. 11] is a diagram showing the configuration of the switching regulator of

a sixth embodiment of the present invention; and

[FIG. 12] is a diagram showing the voltage waveforms observed at relevant

points in the switching regulator shown in FIG. 11.

List of Reference Symbols

[0021] 1, 1', 100, 200, 300 Control signal generating circuit

2 Driver logic circuit

3, 4 NMOS

5 Zener diode

6 Capacitor

7 Coil

8 Output capacitor

9, 24 Resistor
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10 Comparator

11 Reference voltage source

11a, lib, 22 Resistor

12 Flipflop

13 Pulse control circuit

14 Maximum on-period control circuit

15,17 OR gate

16, 19 AND gate

18, 21 NOT gate

20 Off-period control circuit

25 Current source

Best Mode for Carrying Out the Invention

[0022] Hereinafter, embodiments of the present invention will be described

with reference to the accompanying drawings. First, a first embodiment of

the present invention will be described. The configuration of the switching

regulator of the first embodiment of the present invention is shown in FIG. 1.

[0023] The switching regulator shown in FIG. 1 is composed of a control

signal generating circuit 1, a driver logic circuit 2, N-channel MOS

transistors (hereinafter referred to as "NMOSs" or "NMOS transistors") 3 and

4, a Zener diode 5, a capacitor 6, a coil 7 and an output capacitor 8. Here, it

is assumed that the input voltage VIN is higher than the drive voltage VDD that

drives the circuit included in the control signal generating circuit 1. In this

embodiment, it is assumed that the input voltage VIN is +25V, and the drive



voltage VDD is +5V. In this embodiment, the NMOSs 3 and 4, the coil 7 and

the output capacitor together constitute a DC-DC converter, which converts

the input voltage VIN into the output voltage V0 . The output voltage V0 is,

therefore, the output voltage of the switching regulator shown in FIG. 1 and

simultaneously is the output voltage of the DC-DC converter.

[0024] The control signal generating circuit 1 receives the output signal V0 ,

and then generates a pulse signal (control signal) to send it to the driver logic

circuit 2. The driver logic circuit 2 turns the NMOSs 3 and 4 on and off

based on the pulse signal outputted from the control signal generating circuit

1.

[0025] When the NMOS 3 is turned off and the NMOS 4 is complementarily

turned on, a charging current flows through a Schottky diode 5 into the

capacitor 6 via the terminal thereof to which the drive voltage VDD is applied,

and thereby the voltage across the capacitor 6 becomes about +5V. Then,

when the NMOS 3 is turned on and the NMOS 4 is complementarily turned

off, the voltage at the node between the capacitor 6 and the NMOS 3

becomes +25V, and the voltage at the node between the capacitor 6 and the

Schottky diode 5 becomes about +30 V. Here, the voltage of about +30V

appearing at the node between the capacitor 6 and the Schottky diode 5 is

fed to the driver logic circuit 2.

[0026] The driver logic circuit 2 shifts the level of the pulse signal outputted

from the control signal generating circuit 1 to a higher potential by use of the

voltage of +30V supplied via the node between the capacitor 6 and the

Schottky diode 5. Then, the driver logic circuit 2 feeds a first drive signal



based on the level-sifted signal to the gate of the NMOS 3; the driver logic

circuit 2 also inverts the pulse signal outputted from the control signal

generating circuit 1 to feed a second drive signal based on the inverted signal

to the gate of the NMOS 4.

[0027] The voltage at the node between the NMOSs 3 and 4 is smoothed out

by the coil 7 and the output capacitor 8, and thereby becomes the output

voltage V0 .

[0028] Now, the control signal generating circuit 1, which characterizes the

present invention, will be described in detail. The control signal generating

circuit 1 is composed of a comparator 10, a reference voltage source 11, a

flipflop 12 and a pulse control circuit 13.

[0029] The comparator 10 compares the output voltage VD with a reference

voltage Vref outputted from the reference voltage source 11 to feed the

comparison output as a set signal to the set terminal of the flipflop 12. The

pulse control circuit 13 receives the input voltage VIN, a reference voltage

Vrepz and the inverted output of the flipflop 12, and sets the on-period T0N of

the pulse signal outputted from the control signal generating circuit 1

according to the ratio of the input voltage Wm to the reference voltage

(Vrefz /Vin) so as to satisfy equation (1) below. When the on-period TON

elapses after a rise of the pulse signal outputted from the control signal

generating circuit 1, the pulse control circuit 13 feeds, as a reset signal for

resetting the flipflop 12, a signal having a frequency f to the reset terminal of

the flipflop 12. Then, the pulse output of the flipflop 12 is fed to the driver

logic circuit 2. The reference voltage may be set with a bandgap
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circuit or the like.

[Equation 1]

(1)

[0030] An example of the configuration of the control signal generating

circuit 1 is shown in FIG. 2. It should be noted that, in FIG. 2, such parts as

are found also in FIG. 1 are identified with common reference numerals, and

no detailed description thereof will be repeated. The pulse control circuit

13 included in the control signal generating circuit 1 shown in FIG. 2 is

composed of: resistors Rl and R2 for dividing the input voltage V^; an NPN

transistor Q3; a resistor R3 through which the emitter current of the

transistor Q3 flows; a high-speed amplifier AMPl that amplifies and then

feeds the voltage difference between the divided voltage of the input voltage

and the voltage across the resistor R3 to the base of the transistor Q3; a

capacitor Cl; a current mirror circuit that are composed of PNP transistors

Ql and Q2 and that feeds a charging current equal to or predetermined times

the emitter current of the transistor Q3 to the capacitor Cl; an NMOS

transistor Q4 that switches between the charging and discharging of the

capacitor Cl according to the inverted output of the flipflop 12; resistors R4

and R5 for dividing the reference voltage Vr^; and a comparator COMl that

compares the divided voltage of the reference voltage V^with the voltage



across the capacitor Cl to feed the comparison output to the reset terminal of

the flipflop 12.

[0031] A time chart of the voltages and current observed at relevant points in

the switching regulator shown in FIG. 1 and in the control signal generating

circuit shown in FIG. 2 is shown in FIG. 3. Now, with reference to FIG. 3,

the operation of the switching regulator shown in FIG. 1 and of the control

signal generating circuit shown in FIG. 2 will be described.

[0032] When a pulse signal VQ that is fed to the driver logic circuit 2 from the

output terminal of the flipflop 12 is at a low level, the NMOS 3 is off and the

NMOS 4 is complementarily on, and therefore a current IL that flows through

the coil 7 and the output voltage V0 both gradually decrease. At this time,

the inverted output of the flipflop 12 is at a high level so that the NMOS

transistor Q4 is on and the voltage VC1 across the capacitor Cl is zero. Thus,

a reset signal VR that is fed to the reset terminal of the flipflop 12 from the

comparator COMl is at a low level.

[0033] Then, when the output voltage VD becomes lower than the reference

voltage Vref, a set signal Vs that is fed to the set terminal of the flipflop 12

from the comparator 10 turns from low to high. This causes the pulse

signal VQ to turn from low to high, and thus the NMOS 3 turns on and the

NMOS 4 complementarily turns off. Thus, the output voltage VD becomes

higher than the reference voltage so that the set signal Vs returns to a

low level immediately. At this time, the inverted output of the flipflop 12

turns from high to low, and thus NMOS transistor Q4 turns off to start to

feed the charging current to the capacitor Cl.
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[0034] While the pulse signal VQ serving as the output of the flipflop 12 is at

a high level, the current IL that flows through the coil 7, the output voltage

VQ and the voltage VCl across the capacitor Cl all gradually increase.

[0035] Then, when the voltage VCl across the capacitor Cl reaches a

threshold V™ (a voltage equal to the voltage at the node between resistors R4

and R5), the reset signal VR turns from low to high. This causes the pulse

signal VQ to turn from high to low. When the pulse signal VQ becomes low,

the inverted output of the flipflop 12 becomes high. Thus, the NMOS

transistor Q4 turns on, and the voltage VCl across the capacitor Cl becomes

zero so that the reset signal VR returns to a low level immediately.

[0036] Since the switching regulator shown in FIG. 1 and the control signal

generating circuit shown in FIG. 2 operate as described above, the on-period

T0N of the pulse signal VQ coincides with the charging period of the capacitor

Cl. Thus, the on-period TON of the pulse signal VQ is represented by

equation (2) below, where Q represents the capacitance of the capacitor Cl, i

represents the charge current through the capacitor Cl, and R
2

to Rs

represent the resistances of the resistors Rl to R5 respectively. Here, these

resistances fulfill R!=R4 and R2
=R

5
.

[Equation 2]
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[0037] Here, if the switching regulator has a step-down DC-DC converter, the

on-period T0N (the period during which energy is stored in the coil included

in the DC-DC converter) of the pulse signal used for turning on and off the

switching device included in the DC-DC converter is represented by

equation (1) above. Thus, the arithmetic product of the capacitance C a
of

the capacitor Cl and the resistance value R3 of the resistor R3 equals the

frequency f of the pulse signal VQ. The frequency f of the control signal VQ ,

therefore, remains constant even if the input voltage is changed.

[0038] In the switching regulator shown in FIG. 1, the feedback section

mainly performs a comparing operation between the output voltage V0 and

the reference voltage V^, and a comparing operation between the charging

voltage VC1 and the reference voltage V^. This allows high-speed

operation.

[0039] Next, a second embodiment of the present invention will be described.

The configuration of the switching regulator of the second embodiment of

the present invention is shown in FIG. 4. It should be noted that, in FIG. 4,

such parts as are found also in FIG. 1 are identified with common reference

numerals, and no detailed description thereof will be repeated.



[0040] The switching regulator shown in FIG. 4 differs from that shown in

FIG. 1 in that the control signal generating circuit 1 included in the latter is

replaced with a control signal generating circuit V. As compared with the

control signal generating circuit 1, the control signal generating circuit V is

additionally provided with a maximum on-period control circuit 14 and an

OR gate 15. The outputs of the pulse control circuit 13 and of the

maximum on-period control circuit 14 are inputted to the OR gate 15, and

then the output of the OR gate 15 is fed as a reset signal to the reset terminal

of the flipflop 12.

[0041] The maximum on-period control circuit 14 receives the inverted

output of the flipflop 12, and sets a maximum on-period T,^ of the pulse

signal outputted from the control signal generating circuit 1'. When the

maximum on-period T,^ elapses after the rise of the pulse signal outputted

from the control signal generating circuit 1', the maximum on-period control

circuit 14 outputs a signal to reset the flipflop 12.

[0042] The OR gate 15 calculates the OR between the outputs of the pulse

control circuit 13 and the maximum on-period control circuit 14 to feed the

result as a reset signal to the reset terminal of the flipflop 12. Thus, it is

possible to limit the on-period TON of the pulse signal outputted from the

control signal generating circuit 1 so that it does not exceed the maximum

on-period T^.

[0043] An example of the configuration of the control signal generating

circuit V is shown in FIG. 5. It should be noted that, in FIG. 5, such parts

as are found also in FIG. 2 are identified with common reference numerals,
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and no detailed description thereof will be repeated. The maximum on-

period control circuit 14 included in the control signal generating circuit V

shown in FIG. 5 is composed of: a first reference voltage source REFl for

outputting a first reference voltage V,^; an NPN transistor Q7; a resistor R6

through which the emitter current of the transistor Q7 flows; an amplifier

AMP2 that amplifies and then feeds the voltage difference between the first

reference voltage Vrepj and the voltage across the resistor R6 to the base of

the transistor Q7; a capacitor C2; a current mirror circuit that is composed of

PNP transistors Q5 and Q6 and that feeds a charging current equal to or

predetermined times the emitter current of the transistor Q7 to the capacitor

C2; an NMOS transistor Q8 that switches between the charging and

discharging of the capacitor C2 according to the inverted output of the

flipflop 12; a second reference voltage source REF3 for outputting a second

reference voltage Vr^; and a comparator COM2 that compares the second

reference voltage VR^jWith the voltage across the capacitor C2 to feed its

comparison output to one of the input terminals of the OR gate 15.

[0044] The maximum on-period control circuit 14 is configured as described

above, and therefore the maximum on-period T^ set by the maximum on-

period control circuit 14 is represented by equation (3) below, where C2

represents the capacitance of the capacitor C2 and represents the

resistance value of the resistor R6.

[Equation 3]
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VreF3
jy fQ i

= — xC 2 xR 6 [3J
V REFl

[0045] In the switching regulator of the first embodiment of the present

invention shown in FIG. 1, when the input voltage V]N becomes so low that

the on-duty of the pulse signal outputted from the control signal generating

circuit 1 becomes close to 100%, the period that can be secured for the

charging of the bootstrap capacitor 6 may become so short as to make the

operation unstable. In contrast, in the switching regulator of the second

embodiment of the present invention described above and shown in FIG. 4,

by limiting the on-period T0N of the pulse signal outputted from the control

signal generating circuit V so that it does not exceed the maximum on-

period Tmax, it is possible to secure a sufficient period for the charging of the

bootstrap capacitor 6. This makes it possible to stabilize the operation even

when the duty ratio is close to 100%.

[0046] Next, a third embodiment of the present invention will be described.

In the switching regulator described above and shown in FIG. 1, and also in

the switching regulator shown in FIG. 4, the ripple voltage AV of the output

voltage VQ equals the arithmetic product of the fluctuation range AI of the

current IL flowing through the coil 7 and the equivalent series resistance

(hereinafter, "ESR") of the output capacitor 8. Thus, in a case where a

capacitor with a low ESR (for example, a ceramic capacitor) is used as the

output capacitor 8, the ripple voltage AV of the output voltage VD may

become too small, as shown in FIG. 6. As the ripple voltage AV of the
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output voltage VD becomes small, the gradient of the output voltage VD

becomes small. Thus, the switching-delay period of the comparator 10 (the

period after the output voltage VQ has so decreased as to become equal to the

reference voltage Vref until the output of the comparator 10 turns to a high

level) becomes longer. Therefore, when the ripple voltage AV of the output

voltage VDbecomes too small, the operation becomes unstable.

[0047] Devised to solve this drawback, the switching regulator of the third

embodiment of the present invention is configured as shown in FIG. 7. It

should be noted that, in FIG. 7, such parts as are found also in FIG. 4 are

identified with common reference numerals, and no detailed description

thereof will be repeated.

[0048] As compared with the switching regulator shown in FIG. 4, the

switching regulator shown in FIG. 7 is additionally provided with a resistor 9.

One end of the resistor 9 is connected to the node between the coil 7 and the

inverting input terminal of the comparator 10, and the other end of the

resistor 9 is connected to the node between the terminal via which the

output voltage VD is sent out and the output capacitor 8. With this

configuration, the ripple voltage AV of the output voltage V0 equals the value

calculated by multiplying the sum of the ESR of the output capacitor 8 and

the resistance of the resistor 9 by the fluctuation range AI of the current IL

flowing through the coil 7. Thus, even when a capacitor with a low ESR

(for example, a ceramic capacitor) is used as the output capacitor 8, it is

possible to increase the ripple voltage AV of the output voltage VQ to stabilize

the operation.



[0049] Although the voltage inputted to the inverting input terminal of the

comparator 10 is the sum of the output voltage VQ and the voltage across the

resistor 9, the sum is approximately equal to the output voltage VD . In the

present specification, therefore, the output voltage VD is regarded as being

inputted to the inverting input terminal of the comparator 10.

[0050] Since the output current of the switching regulator flows through the

resistor 9, the resistor 9 can be used as an output-current detecting resistor.

[0051] Instead of the resistor 9, an extra resistor may be provided that has

one end thereof connected to the node between the coil 7, the inverting

input terminal of the comparator 10, and the terminal via which the output

voltage VQ is sent out, with the other end of the extra resistor connected to

the output capacitor 8. Unlike the resistor 9, this extra resistor cannot be

used as an output-current detecting resistor.

[0052] Next, a fourth embodiment of the present invention will be described.

The switching regulator of the first embodiment of the present invention

described above operates such that the on-period TON of the pulse signal

outputted from the control signal generating circuit 1 satisfies equation (1)

noted earlier. Thus, when the output voltage VG drops, it

disadvantageously takes much time for the output voltage V0 to return to a

predetermined value. The larger the drop of the output voltage VQ drops,

the longer the time the output voltage VQ needs to return to the

predetermined value.

[0053] Devised to overcome this drawback, the switching regulator of the

fourth embodiment of the present invention is configured as shown in FIG. 8.



It should be noted that, in FIG. 8, such parts as are found also in FIG. 4 are

identified with common reference numerals, and no detailed description

thereof will be repeated.

[0054] The switching regulator shown in FIG. 8 differs from that shown in

FIG. 4 in that the control signal generating circuit 1' included in the latter is

replaced with a control signal generating circuit 100. As compared with the

control signal generating circuit 1', the control signal generating circuit 100

is additionally provided with AND gates 16 and 19, an OR gate 17, NOT

gates 18 and 21, and an off-period control circuit 20. A reset-priority

flipflop is used as the flipflop 12.

[0055] The output terminal of the comparator 10 is connected to the first

input terminal of the AND gate 16, and is connected to the first input

terminal of the AND gate 19 via the NOT gate 18. The output terminal of

the AND gate 16 is connected to the set terminal of the flipflop 12, and is

connected to the first input terminal of the OR gate 17. The output terminal

of the flipflop 12 is connected to the second input terminal of the OR gate 17,

and the output terminal of the OR gate 17 is connected to the driver logic

circuit 2.

[0056] The inverting output terminal of the flipflop 12 is connected to the

input side of the pulse control circuit 13, and is connected to the input side

of the maximum on-period control circuit 14. The output side of the pulse

control circuit 13 is connected to the second input terminal of the AND gate

19, and the output terminal of the AND gate 19 is connected to the first input

terminal of the OR gate 15. The output side of the maximum on-period



control circuit 14 is connected to the second input terminal of the OR gate

15. The output terminal 15 of the OR gate 15 is connected to the reset

terminal of the flipflop 15, and is connected to the input side of the off-

period control circuit 20. The output side of the off-period control circuit

20 is connected to the second input terminal of the AND gate 16 via the NOT

gate 21.

[0057] In normal operation (when there is no drop in the output voltage VQ),

the control signal generating circuit 100 outputs a pulse signal similar to that

outputted from the control signal generating circuit V included in the

switching regulator shown in FIG. 4.

[0058] Next, how the control signal generating circuit 100 operates when the

output voltage VQ drops will be described. When the output voltage V0

drops, the output of the comparator 10 becomes high and thus the output of

the AND gate 19 becomes low. At first, the maximum on-period has not yet

elapsed, and thus the output of the maximum on-period control circuit 14 is

low. Thus, the output of the OR gate 15 is low, and the output of the NOT

gate is high, so that the output of the AND gate becomes high. As a result,

the flipflop 12 is set, and the pulse signal outputted from the control signal

generating circuit 100 rises.

[0059] Then, after the on-period TON elapses after the rise of the pulse signal

outputted from the control signal generating circuit 100, even when the

output of the pulse control circuit 13 becomes high, the output of the AND

gate 19 remains low. Thus, the flipflop 12 is not reset. This makes it

possible to shorten the time required for the output voltage V0 to return to a



predetermined value.

[0060] When the maximum on-period elapses after the pulse signal

outputted from the control signal generating circuit 100 has risen, the output

of the maximum on-period control circuit 14 becomes high and then

immediately returns to a low level. This temporarily causes the output of

the OR gate 15 to become high. Thus, the flipflop 12 is reset so that the

pulse signal outputted from the control signal generating circuit 100 falls.

[0061] The off-period control circuit 20 keeps its output high until the

minimum off-period T^ elapses after the output of the OR gate 15 has

become high. This keeps the output of the AND gate 16 low after the

maximum on-period elapses after the rise of the pulse signal outputted

from the control signal generating circuit 100 until the minimum off-period

TmN elapses. Thus, the flipflop 12 is not set. This makes it possible to

secure a sufficient period for the charging of the bootstrap capacitor 6.

[0062] Next, a fifth embodiment of the present invention will be described.

In the switching regulator of the third embodiment of the present invention

described above, it is possible to stabilize the operation thereof even when a

capacitor with a low ESR (for example, a ceramic capacitor) is used as the

output capacitor 8. However, since the ripple voltage of the output voltage

V0 is then large, the output voltage VQ is disadvantageously unstable.

[0063] Devised to solve this drawback, the switching regulator of the fifth

embodiment of the present invention is configured as shown in FIG 9. It

should be noted that, in FIG. 9, such parts as are found also in FIG. 7 are

identified with common reference numerals, and no detailed description



thereof will be repeated.

[0064] In the switching regulator shown in FIG. 9, as compared with that

shown in FIG. 7, the control signal generating circuit V is replaced with a

control signal generating circuit 200, the resistor 9 is omitted, and a resistor

22 is added. In the control signal generating circuit 200, the reference

voltage source 11 included in the control signal generating circuit V is

replaced with resistors 11a and lib. The resistors 11a and lib constitute a

serial circuit that has a constant voltage Vc applied to one end thereof and

has the other end thereof grounded. The non-inverting input terminal of

the comparator 10 is connected to the node between the resistors 11a and

lib, and thus the voltage at the node between the resistors 11a and lib is

used as the reference voltage Vref- One end of the resistor 22 also is

connected to the node between the resistors 11a and lib, and the other end

of the resistor 22 is connected to the gate of the NMOS transistor 4.

[0065] In the case of the switching regulator of the third embodiment of the

present invention shown in FIG. 7, the waveforms of the output voltage V0 ,

the reference voltage and the pulse signal LG outputted to the gate of the

NMOS transistor 4 are as shown in FIG. 10A. Thus, if the ripple voltage of

the output voltage VD is not large, it is difficult for the comparator 10 to

perform the comparing operation, leading to unstable operation of the

switching regulator.

[0066] In contrast, in the case of the switching regulator of the fifth

embodiment of the present invention shown in FIG. 9, the waveforms of the

output voltage VD , the reference voltage VreF and the pulse signal LG



outputted to the gate of the NMOS transistor 4 are as shown in FIG. 10B.

Thus, if the ripple voltage of the output voltage VG is not large, the

comparator 10 easily performs the comparing operation, leading to stable

operation of the switching regulator. In the switching regulator of the fifth

embodiment of the present invention shown in FIG. 9, therefore, even when

a capacitor with a low ESR (for example, a ceramic capacitor) is used as the

output capacitor 8, it is possible to stabilize the operation thereof without

decreasing the stability of the output voltage VD .

[0067] It should be noted that although, in the switching regulator shown in

FIG. 9, the other end of the resistor 22 is connected to the gate of the NMOS

transistor 4, the present invention may be practiced with any other

configuration. For example, also when the other end of the resistor 22 is

connected to the non-inverting output terminal of the flipflop 12, it is

possible to obtain the same advantages as those described above. A

capacitor 23 is provided to eliminate noise.

[0068] Next, the switching regulator of a sixth embodiment of the present

invention will be described. This switching regulator offers the same

advantages as those offered by the switching regulator of the fifth

embodiment of the present invention. FIG. 11 is a diagram showing the

configuration of the switching regulator of the sixth embodiment of the

present invention. It should be noted that, in FIG. 11, such parts as are

found also in FIG. 9 are identified with common reference numerals, and no

detailed description thereof will be repeated.

[0069] In the switching regulator shown in FIG. 11, as compared with that
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shown in FIG. 9, the control signal generating circuit 200 is replaced with a

control signal generating circuit 300, and the resistor 22 is omitted. In the

control signal generating circuit 300, as compared with the control signal

generating circuit 200, the capacitor 23 is omitted, and a resistor 24 and a

current source 25 are additionally provided. One end of the resistor 24,

which is as a resistance of R24 , is connected to the node between the resistors

11a and lib, and the other end of the resistor 24 is connected to the non-

inverting input terminal of the comparator 10 and is connected to one end of

the current source 25. The other end of the current source 25 is connected

to ground, and the voltage at the node between the resistor 24 and the

current source 25 is used as the reference voltage V,^. The current source

25 is a current source that outputs a current according to a control signal.

In this embodiment, the pulse signal outputted to the gate of the NMOS

transistor 3 from the driver logic circuit 2 is used as the control signal of the

current source 25.

[0070] In the case of the switching regulator of the sixth embodiment of the

present invention shown in FIG. 11, the waveforms of the voltage Vn at the

node between the resistors 11a and lib, a pulse signal HG outputted to the

gate of the NMOS transistor 3 from the driver logic circuit 2, the output

voltage VD , the output current I25 of the current source 25, and the reference

voltage Vrep (= Vn -R 24 xl 25 ) are as shown in FIG. 12. Thus, even if the

ripple voltage of the output voltage VD is not large, the comparator 10 easily

performs the comparing operation, leading to stable operation of the

switching regulator. In the switching regulator of the sixth embodiment of
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the present invention shown in FIG. 11, therefore, even when a capacitor

with a low ESR (for example, a ceramic capacitor) is used as the output

capacitor 8, it is possible to stabilize the operation thereof without

decreasing the stability of the output voltage V0 .

[0071] It should be noted that although, in the switching regulator shown in

FIG. 11, the pulse signal HG outputted to the gate of the NMOS transistor 3

from the driver logic circuit 2 is used as the control signal for the current

source 25, the present invention may be practiced with any other

configuration. For example, also when the signal outputted from the output

terminal of the flipflop 12 is used as the control signal for the current source

25, it is possible to obtain the same advantages as those described above.

[0072] The first to the sixth embodiments described above deal with

switching regulators with a bootstrap type DC-DC converter. Needless to

say, the present invention is applicable to switching regulators with any

other type of DC-DC converter. In all embodiments of the present invention,

instead of the Zener diode 5 and the capacitor 6, any other configuration

may be used to obtain a stepped-up voltage. The comparator 10 may have

hysteresis unless it affects the on-period TON .

Industrial Applicability

[0073] Switching regulators according to the present invention may be

applied to electric appliances in general.


